Responses of insulin-like growth factor (IGF)-
55
The major hormones regulating animal growth are growth hormone (GH) and 
82
IGFBPs are also candidates of growth indices. Besides prolonging half-life of IGF-I,
83
IGFBPs regulate availability of IGF-I to target tissues, and either inhibiting or potentiating 
127
Third group (Re-fed) was fasted for first 4 weeks and re-fed for following 2 weeks. They were 128 reared using flow-through river water that ranged from 10.3°C to 18.0°C during the experiment.
129
The experiment was carried out in accordance with the guidelines of Hokkaido University Field 
189

Time-resolved fluoroimuunoassay (TR-FIA) for IGF-I and IGFBP-1b
190
Prior to the assay for IGF-I, serum was extracted with an acid-ethanol as described in Shimizu 
224
Cary, NC, USA). When significant effects were found, differences were further identified by 225 one-way ANOVA followed by the Fisher's protected least significant difference (PLSD) test.
226
Differences among groups were considered to be significant at P < 0.05. Correlation analysis 227 was used to assess the relationships among endocrine/biochemical parameters and 228 morphological/growth parameters.
Fasting for 4 weeks resulted in significantly lower SGR in length (Fig. 1a) .
237
Re-feeding for 1 week turned it positive. However, there were no significant differences among 238 three treatments 2 weeks after re-feeding (Fig. 1a) . SGR in weight in fasted fish were 239 consistently lower than those of fed fish throughout the experiment and re-feeding for 1 week
240
fully restored it to fed control levels (Fig. 1b) .
241
RNA/DNA ratio in white muscle was not reduced even after 6 weeks of fasting ( 
246
Relative liver igf1 mRNA levels, which was normalized to ef1a and liver RNA/DNA 247 ratio, in fed fish decreased in first 4 weeks compared to initial control levels and remained low 248 thereafter (Fig. 3a ). There were no significant differences among treatments. Serum IGF-I levels
249
were significantly reduced after 5 weeks of fasting (Fig. 3b) . Two weeks of re-feeding were not 250 enough to restore its levels to those of fed controls. Liver igfbp-1a mRNA levels were 251 significantly high in fasted fish than fed fish in week 5 and re-feeding for 1 week had a 252 significant effect to reduce it (Fig. 3c) . Serum IGFBP-1a band was invisible at the beginning of 253 the experiment and rarely detected in fed fish throughout the experiment (Fig. 3d) . Fasting
254
consistently induced IGFBP-1a in blood but re-feeding was effective to diminish the induction.
255
Liver igfbp-1b mRNA levels were increased by fasting despite of some variations (Fig. 3e) . It 256 returned to basal levels after 1 week of re-feeding. Serum IGFBP-1b was stably measured even 257 in fed fish (Fig. 3f) . Its levels increased after 4 weeks of fasting, showed a peak in week 5 and 258 decreased in week 6. One week of re-feeding reduced IGFBP-1b to basal levels.
259
Data from week 6 were used for correlation analyses. There were no significant 260 correlations between liver mRNA and circulating protein levels for IGF-I and IGFBP-1a (Table   261 3). In contrast, a relatively high correlation was found between liver igfbp-1b mRNA and serum IGFBP-1b levels (Table 3) . Unexpectedly, there was a strong positive relationship between serum IGFBP-1b and liver igfbp-1a mRNA levels (Table 3) .
negative relationships with SGR in weight (Table 4) . 
291
In contrast to circulating IGF-I, the response of liver igf-1 mRNA was inconsistent to 292 changes in nutritional status in masu salmon. After 4 weeks of fasting, liver igf-1 mRNA levels 293 tended to be higher in fed fish than in fasted fish. However, the basal igf-1 levels gradually 294 declined over time and no significant differences were found among treatments at week 6. As a result, there were no significant correlations between liver igf-1 and serum IGF-I levels, or between liver igf-1 and individual growth rates. These findings contrast to those observed in Masu salmon used in the present study might be at the late stage of smoltification and the 
402
It is worth mentioning that there was a strong positive correlation between circulating
403
IGFBP-1b levels and igfbp-1a mRNA levels (r = 0.89). Given that IGFBP-1b appears to be 
411
In conclusion, the present study examined responses of two IGFBP-1 subtypes both
412
at hepatic mRNA and circulating protein levels to fasting and re-feeding in yearling masu 413 salmon. Our results suggest that circulating IGFBP-1b is an index of negative growth.
414
IGFBP-1a may be less sensitive to mild catabolic conditions but could be a marker of severe Table 3 Correlation coefficients (r) among endocrine and biochemical parameters.
(-): not significant. Table 4 . Correlation coefficients (r) between endocrine/biochemical parameters and morphological/growth parameters.
HSI: hepato-somatic index. Blanks: not analyzed; (-): not significant. Supplementary Table 1 Correlation coefficients (r) between endocrine/biochemical parameters and morphological/growth parameters in week 5.
